Objectives-The aim of the study was to investigate the organization and delivery of HIV and tuberculosis (TB) health care and to analyse potential differences between treatment centres in Eastern (EE) and Western Europe (WE).
Introduction
The HIV epidemic has spread rapidly in Eastern Europe (EE) since the 1990s, predominantly among people who inject drugs (PWID) [1] . The concurrent severe resurgence of a tuberculosis (TB) co-epidemic in the region further aggravated the situation, and today HIV/TB coinfection poses one of the most complex and fatal public health problems in EE [1] [2] [3] . Increasing incidence rates of HIV infection are being reported in EE together with decreasing rates of TB treatment success and alarming rates of anti-TB drug resistance [1, 2, [4] [5] [6] [7] . According to the 2014 World Health Organization (WHO) global tuberculosis report, the WHO European region is currently the region with the highest burden of multi-drug resistant (MDR) and extensively drug resistant (XDR) TB globally, leading to a potential public health crisis [2] . Pronounced differences in the incidence of TB and MDR TB between EE and WE have been reported. Whereas TB incidence rates are among the world's lowest in most WE countries (0-20/100 000 population per year), TB incidence rates in EE countries reach 50 -150/100 000 per year. MDR TB rates are among world's highest in EE countries and account for 6 to > 20% of all new TB cases. For previously treated TB cases, the MDR TB proportion increases to > 50% in some countries of the EE region. WE countries have some of the lowest proportions of MDR TB cases among all TB cases (< 3%) [2] . HIV infection, a potential risk factor for MDR TB [7, 8] , adds further complexity to the MDR TB public health emergency witnessed in EE today.
We have previously demonstrated 3-5-fold higher mortality rates among HIV/TB-coinfected patients in EE compared with WE in a European cohort of HIV-positive patients diagnosed with TB during 2004-2006 [3] . This difference was only partially explained by regional differences in patient demographics, traditional risk factors for TB and HIV acquisition, resistance patterns, localization of TB disease, anti-TB therapy and combination antiretroviral treatment (cART) [3] .
Our earlier study did not collect information on the organization and delivery of health care, clinical management strategies, and access to specialist HIV/TB health care and medicines.
Data on HIV/TB health care organization and management of coinfected patients in Europe are limited [9] [10] [11] [12] . The objective of this study was therefore to survey the organization and delivery of HIV/TB health care at treatment centre level among centres participating in the TB:HIV study. We compared the organization of and access to HIV/TB health care between treatment centres in EE and WE, and the survey results to the actual management of patients enrolled in the TB:HIV study.
Methods
The study design was cross-sectional and data were collected through a self-administered structured online questionnaire. All European HIV and TB treatment centres participating in the international TB:HIV study collaboration (for details of the study, see http:// www.cphiv.dk/TBHIV) as per Spring 2013 were invited to complete an online questionnaire (n = 41). Data were collected and managed through Research Electronic Data Capture (REDcap; http://project-redcap.org) hosted at Rigshospitalet, University of Copenhagen. The questionnaire (available at at http://www.cphiv.dk/Ongoing-Studies/TBHIV/TBHIV-StudyGroup) included 40 questions related to the organization and availability of HIV/TB health care and medicines and clinical management strategies for coinfected patients. Persons invited to respond on behalf of each participating centre were principal investigators in the TB:HIV study who were also medical doctors in charge of the treatment of HIV/TB-infected patients at the treatment centre in question.
Content, construct and face validity of the questionnaire were ensured by performing pretests and consulting experts in the field. Descriptive statistics were obtained for comparisons with regard to health care arrangements and delivery and management strategies between EE and WE.
In order to study the discrepancy between reported and actual clinical practices, we used the TB:HIV health care index (HCI) previously developed by our group [13] -a scale developed to assess clinical performance in terms of HIV/TB care [based on TB drug susceptibility testing (DST), standardized anti-TB treatment and cART] ( Table 1) . HCI scores were calculated for centres in EE and WE using survey data and compared with the HCI scores derived from the baseline data from the TB:HIV study (AM Werlinrud Efsen, personal communication). The chosen key clinical indicators were related to (1) DST of anti-TB drugs; (2) initial anti-TB treatment for HIV/TB-coinfected patients; (3) timing of cART initiation for HIV/TB-coinfected patients. For example, individuals were given a score of 1 for the indicator 'DST of anti-TB drugs' if they had a DST performed and a score of 0 if they did not (Table 1 ). This allowed us to determine the discrepancy between reported clinical management strategies in the survey and the actual clinical practice that had taken place. HCI scores were calculated on an individual centre level for the survey, and the mean reported HCI score for each region was calculated based on these centre-level scores. TB:HIV study baseline data from centres that participated in the survey were used to calculate individual patient-level scores for each centre, and the mean actual HCI score for each region was then derived from these individual-level scores. In total, data from 1041 individuals contributed to the actual patient-level HCI scores. Two-sided Fisher's exact test was used for calculation of p-values and corresponding confidence intervals to explore associations. All analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC).
Results
Of the 41 European centres treating approximately 1300 HIV/TB-coinfected patients per year, 38 (93%) completed the survey. Respondent centres in EE (n = 17) were located in: Belarus (n = 3), Estonia (1), Georgia (1), Latvia (1), Lithuania (1), Poland (4), Romania (1), the Russian Federation (4) and Ukraine (1), and those in WE (n = 21) were located in: Belgium (1), Denmark (1), France (1), Italy (7), Spain (2), Switzerland (1) and the UK (8) . Four centres (one in the Russian Federation, two in Spain and one in the UK) did not reply. Treatment centres were in general larger hospital departments or clinics [the median number of beds was 160; interquartile range (IQR) 35-700] with a median of 10 (IQR 3-26) new TB cases in HIV-positive persons diagnosed per year. There were no significant differences in basic patient characteristics (gender, age, and HIV and TB risk factors) between respondent and nonrespondent centres (data not shown).
Integration of care
Compared with WE, treatment of HIV and TB in EE were less often provided at the same location (47% in EE versus 100% in WE; P < 0.001) and by the same doctors (41% versus 90%, respectively; P = 0.002) (Fig. 1 ). All WE centres reported that patients were followed up at the same facility for the entire course of anti-TB treatment, whereas only 41% of EE centres reported that patients were followed up at the same facility after the anti-TB treatment initiation phase (P < 0.001) (Fig. 1 ). Opioid substitution therapy (OST) was reported to be available for all HIV/TB-coinfected patients in need at all treatment centres in WE but at significantly fewer centres in EE (53%; P < 0.001) (Fig. 1 ). Similar percentages of centres in the two regions reported that they offer all patients with TB an HIV test (88% in EE versus 90% in WE; P = 1.00), whereas regular screening of HIV-positive patients for active TB was more widespread in EE (80% versus 40% in WE; P = 0.037) ( Fig. 1 ) and more often carried out as screening of all HIV-infected patients once per year (53% in EE versus 0% in WE; P < 0.001).
TB diagnostics including anti-TB drug susceptibility testing
In both regions, centres generally reported that performing sputum cultures was standard procedure (94% in EE and 85% in WE; P = 0.609). Rapid diagnostics were widely available in both regions, somewhat more so in WE (53% in EE versus 70% in WE; P = 0.328), and were reported to be available only at TB centres in EE, not at HIV clinics. Eighty-eight per cent of all treatment centres in EE and 95% in WE reported routinely performing DST on all positive TB cultures (P = 0.574). Whereas there was no significant difference in terms of reported DST of second-line drugs (71% in EE and 60% in WE; P = 0.731), routine DST of third-line drugs was lower in EE (12% versus 40% in WE; P = 0.073).
Anti-TB treatment strategies and drug availability
The vast majority of centres in both regions, although more in WE (69% in EE and 95% in WE; P = 0.069), reported the standard anti-TB treatment regimen for HIV/TB-coinfected patients as 2 months of rifampicin (R), isoniazid (H), pyrazinamide (Z) and ethambutol (E) for the intensive phase, followed by 4 months of RH in the continuation phase. Three EE centres reported a 7-month continuation phase of RH, one EE centre reported a 7-month continuation phase of HZ, and another EE centre reported an intensive phase of 4-6 months' duration as standard. A test of cure (culture of sputum/other material) at the end of anti-TB treatment course was reported as not routinely performed by 13% of centres in EE and 30% in WE (P = 0.419).
Directly observed treatment (DOT) was more frequently applied in EE, where 88% of centres reported using DOT for all patients with TB at least for the intensive phase, compared with 20% in WE (P < 0.001).
The availability of rifabutin was low in EE, with only 18% reporting unlimited availability, 59% reporting limited availability and 24% reporting no availability, compared with 95%, 5% and 0%, respectively, in WE (P < 0.001). The availability of second-line drugs (moxifloxacin: P < 0.001; levofloxacin: P = 0.029) and third-line drugs (linezolid: P < 0.001; clarithromycin: P = 0.014) was lower in EE than in WE, with the exception of kanamycin, which was more commonly available in EE (P = 0.01) (Fig. 2a,b) . Bedaquiline was unavailable in the majority of treatment centres in both regions (89% in EE and 58% in WE; P = 0.087). We found no regional differences in the availability of the following drugs: amikacin, capreomycin, viomycin, ciprofloxacin, ofloxacin, ethionamide, prothionamide, Paminosalicylic acid, cycloserin, thioacetazone, thioridazine, arginine and bedaquiline (Fig.  2a,b) .
cART in HIV/TB-coinfected patients
None of the treatment centres in EE and WE required user fees for cART. However, one centre in EE and one in WE required user fees for medical consultations. About half of all respondents in both regions (47% and 48% in EE and WE, respectively) reported starting cART as soon as possible after TB diagnosis irrespective of the CD4 cell count. The remaining centres responded that the timing of cART initiation was dependent on CD4 cell count, with no regional differences (P = 0.166). The most commonly reported cART regimen in both regions was two nucleoside reverse transcriptase inhibitors (NRTIs) plus one nonnucleoside reverse transcriptase inhibitor (NNRTI) (100% in EE; 85% in WE), with efavirenz the preferred NNRTI at all centres. Tenofovir/emtricitabine, abacavir/lamivudine and zidovudine/lamivudine were the preferred backbones in 95%, 5% and 0% of sites in WE and 41%, 29% and 24% of sites in EE, respectively (P < 0.001).
Comparison of reported and provided health care
In order to study the discrepancy between reported and actual health care provisions, we used the TB:HIV health care index (HCI) score, a scale developed to measure clinical performance [13] . Sixteen treatment centres in EE responded to the survey, enrolled patients and submitted clinical data to the TB:HIV study, of which 14 reported in the survey routinely performing DST of anti-TB drugs, 14 reported initiating RHZE and eight reported starting cART within 2 months of the TB diagnosis, irrespective of CD4 cell count. In WE, 17 centres both responded to the survey and enrolled patients to the TB:HIV study. Of these, 16 reported routinely performing DST, 17 reported initiating RHZE, and nine reported starting cART within 2 months of the TB diagnosis, irrespective of CD4 cell count. The HCI scores based on (1) data reported in the survey and (2) observed baseline data from clinical records of the TB:HIV study are shown in Table 2 , and the relative score distribution in Table 3 .
Total HCI scores from survey data were comparable across the two regions (3.63 in EE and 4.00 in WE; P = 0.74), whereas a difference in HCI scores was noted between the regions when considering total HCI scores derived from clinically recorded data (2.23 in EE and 3.53 in WE; P < 0.0001). Reported HCI scores in EE were significantly higher compared with actual scores in EE (3.63 versus 2.23, respectively; P = 0.002) ( Table 2) , especially in relation to the indicators of anti-TB DST and RHZE initiation ( Table 2 ). In WE, the reported versus actual HCI scores did not differ significantly (4.00 versus 3.56, respectively; P = 0.28) ( Table 2 ).
The vast majority of centres in both regions had a total reported HCI score of 3 or above (93% in EE; 94% in WE; Table 3 ); however, when looking at actual clinical practice, the proportion of patients with an HCI score of 3 and above was considerably lower, particularly in EE (42% in EE; 75% in WE).
In EE, the actual HCI score for starting cART within the first 2 months (0.90; maximum score = 2) as well as a lack of DST (0.34; maximum score = 1) contributed significantly to a low total actual HCI score in EE (2.23; maximum score = 4) ( Table 2 ). In WE, a lack of DST (0.62; maximum score = 1) specifically contributed to lowering the total actual HCI score ( Table 2) .
Discussion
This study found significant differences between EE and WE in relation to health care delivery for HIV/TB-coinfected patients, with a substantially less integrated approach in EE.
The availability of OST and anti-TB drugs, usage of DOT and preferred NRTI backbone also differed across regions, whereas strategies for TB diagnostics, anti-TB therapy and other issues related to cART were not reported to differ significantly between EE and WE.
Anti-TB treatment has traditionally been hospital-based in many countries of the EE region, but with the introduction of directly observed treatment short course (DOTS) there was a shift towards more out-patient care [14, 15] . Current policies on collaborative HIV/TB service provision recommend the same facility and same visit for HIV and TB treatment and care [16] . The present study shows that only about half of all centres in EE offered treatment for TB and HIV at the same facility. Provision of HIV care, TB treatment and OST at different facilities, or even in different cities, is likely to result in suboptimal patient care with a negative impact on all aspects of the HIV/TB care cascade. A recent study from South Africa showed that co-location of TB/HIV care shortened the time to ART initiation [17] and a review from 2007 of several studies from across the world found that co-location of services for PWID infected with HIV and TB increased uptake of services and improved clinical outcome [18] . Several studies have demonstrated that early initiation of cART in HIV/TB-coinfected patients optimizes treatment outcome particularly in patients with advanced immunodeficiency [13, 19, 20] . Despite reporting of good access to cART, there was no consensus among respondents on the timing of cART initiation in relation to anti-TB treatment, a finding that may reflect diverging guidelines and calls for further investigation. Active substance abuse has been shown to negatively affect treatment adherence, and access to OST for PWID increases adherence to both HIV and TB treatment [18, 21, 22] . This study documents that OST is still poorly available in centres in EE. Increased cooperation across disease specialities (specifically drug dependence, TB and HIV programmes) should be a key health service priority in the EE region [9, 16, 18, 23] .
The proportion of centres in the survey that reported offering HIV testing to all patients with TB was substantially higher than the most recent estimate of the proportion of patients with TB with a known HIV status in Europe (59%) [2] . This could represent inclusion bias towards centres that performed well on this measure or it could reflect obsequiousness bias; in addition, some patients with TB who are offered an HIV test may decline to be tested.
Regular TB screening of HIV-infected patients was markedly higher in EE; however, considering the scale of the TB epidemic in EE, the reported TB screening prevalence of 80% in EE may not be sufficient. However, the respondents may have interpreted 'regular TB screening' differently. WHO recommends that all HIV-infected patients should be screened for TB using a clinical symptom-based algorithm [16] , but this algorithm was not specified in the survey and it is likely that the reported screening prevalence indicates actual tests (tuberculin skin testing, chest X-ray, interferon gamma release assay etc.) and not a clinical algorithm. In that case, the proportion TB-screened in EE should be considered high and the low TB screening prevalence found in WE (40%) may thus reflect the relatively low TB burden in these countries. Of additional concern is that TB rapid diagnostic tests were available in only half of all HIV clinics in EE. Furthermore, access to preferred second-line agents such as moxifloxacin, prothionamide or ethionamide, and cycloserine was rather limited considering the high prevalence of MDR TB in this region. Use of less potent fluoroquinolones and less active or less well tolerated second-line drugs is a major concern in terms of drug resistance amplification, especially for resistance to drugs such as linezolid and bedaquiline, to which most strains would be expected to be susceptible. Drug supply may well be substantially worse at treatment centres that did not participate in the survey, for example, in nonurban settings.
The main limitation of this study is that it is based on a self-reported survey, and 'obsequiousness' bias, where respondents alter their reply in the direction they perceive to be desired by the investigator, cannot be ruled out. The calculation of an HCI score and comparisons between reported and actual clinical practices sought to explore the magnitude of this particular bias, and it appeared that a discrepancy indeed was present between actual and reported practices in EE. Alternatively, the overall data reported in the survey were correct but observed practice may have differed because of temporary shortages of TB drugs, nonuptake of cART, or interruptions to the supply of laboratory reagents. The sizable proportion of patients with an observed HCI score below 3 in both regions, although larger in EE than in WE, is worrying, and will be the focus of planned analyses. Considering the discrepancy between reported and actual HCI scores, it is likely that the survey data in general underestimate the difference in actual health care provision between WE and EE. It should be noted that the HCI scores calculated based on the present survey did not correspond exactly to the criteria used in the original HCI score (Table 1 ) [13] . The health care index has been derived using step-wise regression in a study population very similar to the current one [13] . Other variables, such as CD4 cell count, were considered for inclusion in the score, but they were not found to significantly predict clinical outcome and therefore were not included in the final HCI equation. It should be noted that using the HCI score to indicate quality of treatment has its limitations [13] . The three parameters included in the score, although important, do not necessarily provide a comprehensive picture of clinical performance. Nonetheless, as the aim was not to evaluate clinical performance, but to identify differences in reported versus actual HCI scores, the impact of this limitation on our conclusions is likely to be small.
Additional limitations include the fact that the centres surveyed are, in general, larger hospitals and thus presumably not representative of the entire region, especially rural areas. Intra-country and intra-regional variations were observed, although the sample size did not allow us to investigate this further. Despite the small sample size, the treatment centres surveyed treat a relatively large share (7%) of the total number of new TB cases in the HIVinfected population in Europe, estimated to be 19 000 in 2013 [2] .
Conclusions and study implications
This study documents significant differences in the organization and delivery of health care for HIV/TB within Europe, depicting a more fragmented health care system in EE with likely adverse consequences for adherence. The availability of anti-TB drugs with activity against MDR and XDR TB as well as OST remains limited in EE, where the need for them is highest. Findings from this study emphasize the need for an increased focus on patientcentred care and integration across specialities. In line with recent publications and recommendations [2, 9, [24] [25] [26] , this should include offering all patients with TB an HIV test, regularly screening HIV-positive patients for TB, making OST and rapid TB diagnostics available in HIV/TB treatment centres, and finally ensuring that adequate anti-TB treatment and cART are widely available and initiated in a timely fashion. Linking regional differences in the organization and availability of HIV/TB health care described here to treatment outcomes is crucial for future care and warrants further analyses. We aim to address these questions in the on-going TB:HIV study (http://www.chip.dk/TBHIV). Integration of care for patients with HIV/tuberculosis (TB) in Eastern (EE) and Western Europe (WE). *P < 0.05. OST, opioid substitution therapy. Availability of (a) second-line and (b) third-line anti-TB drugs in Eastern (EE) and Western Europe (WE). *P < 0.05. PAS, P-aminosalicylic acid. Table 1 Method of calculating the health care index (HCI) score Figures represent mean HCI score per centre (reported) and per patient (actual) with 95% confidence interval (CI). Please note that for the WE reported RHZE score it was not possible to calculate a 95% CI as every centre answered positively. Maximum HCI scores per indicator: routine DST: 1; RHZE: 2; cART ≤ 2 months: 2.
cART, combination antiretroviral therapy; DST, drug susceptibility testing; NA, not applicable; RZHE, rifampicin, isoniazid, pyrazinamide and ethambutol.
